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settings were followed by the President of the National Lead Company acknowledging that lead is toxic. These events culminated in the temporary suspension of leaded gasoline in 1925, but the Surgeon General subsequently found no evidence to ban lead from gasoline. Lead remained in gasoline and in common use; over the ensuing 40 years, clinical cases of lead poisoning were common.
Paralleling the widespread use of lead was documentation by pediatricians of its dangers to children. In 1904, J. Lockhart Gibson, an Australian, was among the first English-language authors to identify lead poisoning among children who chewed on the painted walls and verandas of houses. In 1914, Americans Henry Thomas and Kenneth Blackfan described the case of a Baltimore boy who died of lead poisoning after ingesting white lead paint from the railing of his crib. Fortunately, persistent advocacy finally led the United States Environmental Protection Agency to promulgate the phase-out of lead from gasoline, which occurred in the United States from 1975 to 1986 and in Europe in the 1990s. In addition, the United States Consumer Product Safety Commission placed a final ban on lead-based paint in 1977. In 1992, the United States Congress passed the Residential LeadBased Paint Hazard Reduction Act of Title X of the Housing and Community Development Act, expanding on previous efforts.
Exposure
Although other sources for lead poisoning can be important, lead-based paint in older housing currently is the most important source of lead exposure. Children are exposed by eating paint chips or ingesting leadcontaminated house dust or soil through normal handto-mouth contact. Recent studies indicate that lead in household dust is the strongest predictor of childhood BLL. Children's mouthing behaviors and pica for chipping paint are recognized widely as causes of elevated blood lead concentrations. Lead-based paint also is responsible for the contamination of house dust and residential soil when housing units decline or are demolished or renovated. A recent study by Jacobs and associates (1) indicated that 38 million housing units had lead-based paint (and 24 million posed significant lead-based paint hazards), a decrease from the 1990 estimate of 64 million.
Leaded gasoline was responsible for most airborne lead before 1970. Less common sources of lead also have included glazed ceramics, storage battery casings, bullets, cosmetics, leaded glass, jewelry, and farm equipment. Avoiding the use of imported pottery for cooking, serving, or storing food reduces the risk of lead exposure. Sniffing of leaded gasoline also causes lead poisoning, especially in developing countries where leaded gasoline still is used. Clinicians also should be aware of imported products from the Middle East, India, Pakistan, Bangladesh, China, Mexico, and Dominican Republic, among others, that contain lead. An example of such a product is litargirio, a powder that is sold as a home remedy and used as an antiperspirant/deodorant, which may contain up to 80% lead. Local Departments of Health Web sites are good sources of information that provide guidance to clinicians as they seek potential exposures that may occur among children from specific communities or cultural backgrounds.
Adults whose occupations use lead can inadvertently expose children to lead from contaminated clothes and shoes. Studies have shown that focused dust-control programs consisting of wet-mopping floors and windowsills and washing toys, pacifiers, bottles, and children's hands frequently in addition to home lead reduction can decrease BLLs significantly.
Pathogenesis, Definition, and Clinical Presentation
Young children normally explore their environment via hand-to-mouth activity and play close to the ground, behaviors that are likely to increase the lead intake of a child who lives in an environment that has hazards such as leaded paint in poor repair or elevated levels of lead in house dust or yard soils (Figure) . Numerous studies also show that children have an uncanny ability to absorb lead from the gastrointestinal tract (40% compared with 10% in adults). Retention of lead also is increased in children, making more lead biologically available in children. In children, 60% to 70% of lead is in the bone compared with 90% in adults. Additionally, the role of nutritional poisoning lead poisoning status (eg, deficiency of iron, calcium, zinc, various vitamins) in modifying susceptibility to lead toxicity is an important factor in the comprehensive evaluation and treatment of children.
Lead is toxic to most body systems, including the peripheral and central nervous system, liver (it diminishes cytochrome P-450 activity), and hematopoietic and renal systems (affecting the metabolism of vitamin D and calcium). The toxicity of lead derives from its avidity for the sulfhydryl group of proteins, irreversibly binding and impairing function of enzymes in the pathway to heme synthesis. This inhibitory action includes lead's effect on delta-aminolevulinic acid dehydratase (ALA) in cytoplasm and ferrochelatase in mitochondria. ALA requires an intact sulfhydryl group and a zinc atom per subunit to be fully active, and lead is believed to displace zinc from the enzyme.
Effects on red blood cells can result in microcytic, hypochromic anemia and, rarely, in hemolysis and basophilic stippling. Elevations of ALA concentrations are likely to play a role in the neurotoxic effects of lead. Elevation of erythrocyte protoporphyrin (EP) results when the ferrochelatase enzyme is blocked; measurement of this compound was used for years in screening for lead poisoning. However, with the reduction of the value at which interventions are recommended to 10 mcg/dL (0.5 mcmol/L), EP no longer is a sensitive screening measure, and direct measurement of BLL is indicated.
The most severe sequelae of lead poisoning occur at levels of 70 mcg/dL (3.4 mcmol/L) and greater and can consist of death, coma, papilledema, ataxia, afebrile seizures, apathy, incoordination, and various changes in mental status. Other symptoms that occur at lower levels include anorexia, abdominal pain, vomiting, lethargy, and constipation. Fortunately, such presentations are rare in the United States because of the removal of lead from the manufacturing of gasoline and paint.
The blood level at which lead poisoning is defined has changed several times over the past decades. In 1991, in response to mounting evidence of the toxic effects of lead at levels as low as 10 mcg/dL (0.5 mcmol/L), especially those related to intelligence and neurodevelopment, the Centers for Disease Control and Prevention (CDC) redefined the "acceptable" threshold BLL at 10 mcg/dL (0.5 mcmol/L). Similarly, in 2000, the Secretary of Health and Human Services defined a new Healthy People 2010 objective: the elimination of BLLs of 10 mcg/dL (0.5 mcmol/L) and greater among children ages 1 to 6 years. However, since the early 1990s, accumulating data have provided evidence that toxic effects occur at levels below 10 mcg/dL (0.5 mcmol/L). One notable study (2) documented an inverse and significant relationship between BLL and IQ. In the investigators' linear model, an increase of 10 mcg/dL (0.5 mcmol/L) in the lifetime average BLL was associated with a 4.6-point decrease in IQ (Pϭ.004); interestingly, however, for the subsample of children who had maximal BLLs less than 10 mcg/dL (0.5 mcmol/L), the associated decrease in IQ was greater. Others have documented cognitive and academic deficits associated with BLLs of less than 5 mcg/dL (0.24 mcmol/L) and documented effects on GABAergic and dopaminergic neurotransmission at these low levels. (3)(4) 
Screening for Lead Exposure
Lead screening has evolved with the evolution of the epidemiology of lead exposure to ensure that screening meets the goal of identifying asymptomatic exposure for which interventions can prevent adverse effects. Understanding the epidemiology of lead poisoning in the United States and locally within communities is key to determining appropriate screening procedures. The CDC has used the National Health and Nutrition Examination Surveys (NHANES-1976 (NHANES- to 1980 (NHANES- , 1988 (NHANES- to 1991 (NHANES- , 1991 (NHANES- to 1994 (NHANES- , 1999 (NHANES- to 2000 to track children's BLLs. State and local child blood lead surveillance data also have been helpful to these efforts. According to the 1999 to 2000 NHANES data, an estimated 434,000 children (95% confidence interval [CI] of 189,000 to 846,000), representing 2.2% of children 1 to 5 years of age, had BLLs greater than or equal to 10 mcg/dL (0.5 mcmolL). This point prevalence is a reduction from the numbers in 1976 to 1980 , 1988 to 1991 , and 1991 to 1994 .8 to 92.6), 8.6% (95% CI, 4.8 to 12.4), and 4.4% (95% CI, 2.9 to 6.6), respectively.
Since the early 1990s, accumulated data have provided evidence that toxic effects occur at levels below 10 mcg/dL (0.5 mcmol/L).
poisoning lead poisoning
In 1991, the CDC lowered the intervention level for blood lead from 25 mcg/dL (1.21 mcmol/L) to 10 mcg/dL (0.5 mcmol/L), recommended the use of a five-question lead risk questionnaire, and advocated universal screening for children 9 to 72 months of age, except in communities that have had sufficient data to determine that their children were not at risk. Given that most communities did not have these data, this statement essentially recommended universal screening. The 1993 (and later 2000) American Academy of Pediatrics (AAP) Policy Statement mirrored these recommendations and called for "blood lead screening as part of routine health supervision for children at 9 through 12 months of age and, if possible, again at about 24 months of age."
The Early and Periodic Screening, Diagnosis and Treatment Program, which is designed to improve primary health care benefits for children through emphasizing preventive services as part of the federal Medicaid program, mandates lead screening according to the periodicity schedule set by the CDC (and consistent with AAP policy). Some studies also have shown that children may have elevated BLLs as early as 6 months of age, so annual risk assessment from 6 months to 6 years of age for risk of lead exposure is recommended. Screening before the age of 6 months may be indicated by the clinical history, including prenatal history of maternal lead exposure and occupational histories.
In 1997, the CDC updated its screening guidelines and incorporated, for the first time, screening policies that use local BLL data or housing data collected by the United States Bureau of Census. No longer was universal screening recommended in those areas where, because of limited exposure to lead, the prevalence of elevated BLLs is so low that targeted (selective) screening is more appropriate than universal screening. Instead, current guidelines state that health care professionals should use blood lead tests to screen children at ages 1 and 2 years and children 36 to 72 months of age who previously had not been screened if they met any of the following criteria: 1) child resides in a zip code that has 27% or more of houses built before 1950; 2) child receives benefits from public assistance programs such as Medicaid and Women, Infant, and Children; and 3) child's parent/guardian answers "yes" or "don't know" to any of these three risk assessment screening questions:
• Does your child live in or regularly visit a house or child-care facility built before 1950? • Does your child live in or regularly visit a house or child care facility built before 1978 that is being or has recently been renovated or remodeled (within the last 6 months)? • Does your child have a sibling or playmate who has or did have lead poisoning?
Targeted screening by these guidelines was recommended in communities where 1) fewer than 12% of children had BLLs of 10 mcg/d (0.5 mcmol/L) or greater or 2) less than 27% of houses were built before 1950. The revised guidelines also stated that in the absence of a statewide plan or guidance from officials, universal screening was indicated. The AAP policy statement published in 1998 was consistent with the CDC guidelines and also called for pediatricians to work with local health agencies to help develop risk assessment questionnaires to supplement the screening questions noted previously. They also called for managed care health organizations and third-party payers to cover the costs of screening and follow-up. The AAP statement recommended that screening also be considered for other high-risk children, including those who are abused and neglected.
Sensitivity and Specificity of Screening Questions
Following the revised 1991 CDC guidelines, the utility of the screening questions was raised. Although not intended to replace blood lead testing as a primary screening tool, many practitioners used the questions to target screening rather than to apply universal screening. Studies, therefore, were needed to examine how sensitive and specific the questions were in identifying at risk children. One study, (5) using the original five CDC questions from 1991 ( Table 1 ), showed that using a positive answer to any one question to define a high-risk child, as suggested by the CDC, had a sensitivity for detecting BLLs of 10 mcg/dL (0.5 mcmol/L) or greater of nearly 90% and a specificity of 75%, with a negative predictive value of 99%. The individual questions had sensitivities in the 70% range and negative predictive values exceeding 90%, but low positive predictive values of less than 30%. A "yes" answer to the question regarding the presence of chipping paint or remodeling was significantly associated with elevated BLLs in those children. Other investigators have shown that in preschoolers, pica in general and ingestion of paint chips specifically are significantly associated with elevated BLLs.
In 1999, researchers in Illinois studied the use of a shorter questionnaire in the context of targeted screening. Screening questions similar to those recommended by the CDC had a 98% negative predictive value for BLLs poisoning lead poisoning greater than 10 mcg/dL (0.5 mcmol/L) among children living in so-called "low-risk" zip codes. Interestingly, the sensitivity and specificity for that approached 62% and 62%, respectively, compared with 75% and 88% associated with an Illinois approach that includes questions about the occupations and hobbies of families. Municipalities and researchers have used various iterations of questionnaires in assessing lead risk exposure. Care should be taken to review the reliability and validity of questionnaires that deviate greatly from those published.
Venous Lead Measurement
The 1998 AAP policy statement recommends the use of venous samples for initial screening when possible. As per these guidelines, a capillary micro-lead measurement could be substituted, but levels above 10 mcg/dL (0.5 mcmol/L) must be confirmed by a venous sample because micro-lead sampling is more likely to yield falsepositive results due to contamination from environmental lead. The policy urged use of laboratories that participate in a proficiency program; a list of such programs can be obtained from the CDC. The use of a portable instrument for analysis of blood lead has been reported. Table 2 details the medical management of children based on BLLs. Management of lead-poisoned children should focus on nutritional and environmental intervention; any treatment that does not include environmental intervention is considered inadequate. Pediatricians should refer affected children to local public health offices for environmental assessment of their residences. Treatment of lead poisoning traditionally has been guided by the BLL and the risk of the acute neurotoxic effects of extreme elevations of blood lead. Chelation therapy is the mainstay of treatment for BLLs greater than 45 mcg/dL (2.2 mcmol/L) and should be performed in consultation with a pediatrician experienced in managing children who have lead poisoning. Table 3 highlights the major chelating agents, dosages, indications for treatment, and adverse effects. The toxicity of the chelating agents and the safety concern of redistribution of lead from bone to soft tissue, especially the brain, has guided therapeutic interventions. Although treatment has been shown to decrease the BLL acutely, rebound levels have been documented with all treatments, and the impact of treatment on neurodevelopmental outcomes for all but the most symptomatic children remains unclear. Prevention of lead poisoning, therefore, remains the most effective method of averting the negative effects of toxicity.
Treatment

Advocacy Perspectives
Despite the gains of the past decades, recent reports have documented the significant and persistent prevalence of lead-based paint hazards in American homes. According to the latest report from the United States Department of Housing and Urban Development (HUD), 24 million homes in America have hazards that could place children at risk for lead poisoning. Lead-based paint hazards were especially prevalent in housing older than 1978, and more than 30% of housing units that had lead-based paint contained hazards even when the paint was in good condition.
As noted previously, leaders in federal and state government have recognized the importance of eradicating lead poisoning through an approach that emphasizes primary prevention with continued screening of highrisk populations. Often persuaded by economic arguments, policy makers should be informed that lead exposure in the American population exacts an estimated $40 billion annual toll from children in the form of loss in economic productivity. Children's environmental health is among parents' top concerns. To produce proactive responses and regulation to protect children, pediatricians must be aware of environmental risks such as those posed by lead poisoning and advocate strongly to create policies that support effective primary prevention. 
